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1 Introduction
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natural gas in North America is present in unconventional reservoirs such as tight sands, shale, and coal
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reservoir, with approximately 489 trillion cubic feet (tcf) of hewally recoverable natural gas
resources.

Two technologied horizontal well drilling and hydraulic fracture stimulatidbnhave been crucial in

facilitating the expansion of shale gas development. Horizontal drilling involves drilling verticaily, unt
reaching a point above the target formation where the drill bit is then turned througtegrééarc to

all ow advancing the borehole horizontally through
a greater contact length between the @kt and the producing formation than is traditionally achieved

through vertical drilling. Because of this increased exposure to the pay zone, a volume of gas similar to
what can be produced by numerous vertical wells can potentially be produced bigasitgiffewer

horizontal wells.

Hydraulic fracturing is required for tight formations such as shale, because they do not have the necessary
natural permeability to allow a sufficient quantity of natural gas to flow freely to the wellbore. For
horizontalwells, this involves pumping large volumes of a wa@ndchemical mix down a well under

high pressure to fracture the formation, thus providing pathways for the natural gas to flow to the
wellbore. A typical hydraulic facture operation may require B maillion gallons of water per weil.

Development of the Marcellus Shale natural gas play in New York, Pennsylvania, and West Virginia has
come under intense scrutiny by regulators, NGOs, and the public in regard to the pateitoaimental

impacts from the water withdrawals necessary to support drilling and hydraulic fracturing.
Considerations in evaluating water needs include the location of the need, the seasonal timing of the need,
the location of available water, and the regulations governing wétetrawals.

In general, the area overlying the Marcellus Shale has abundant precipitation, making water readily
available. Although many streams, rivers, and lakes may be theoretically viable as water sources based
on available volume alone, a muchalar subset of water bodies may have practical potential for use by

the natural gas industry, based on the distance to a given well. The costs of frapsgierfrom the

source to the well site can quickly and dramatically exceed the simple costaifing the water.

Natural gas companies (operators) will work to minimize these costs by securing permitted withdrawals
as close as possible to their planned development areathermore, operators with large lease holdings

may need to evaluate andcsire not one, but severalater sourcing take points in order to minimize
environmental impacts while still meeting the water needs of their development plans.

Thus, ground and surface water sources most proximal to the well sites are most desirsdgueiily,

a primary issue for water withdrawal will be the regulations governing permitting procedures including
the passhy flow requirements and their impact on the seasonality of permitted withdrawals from the water
bodies nearest the wells. In New rKp Pennsylvania and West Virginia, withdrawal permitting is
regulated by a matrix of state and interstate regulatory agencies, whose regulations reflect the needs of
individual states or watersheds. Consequently, operators must focus on the speeffiarigsapproaches

to permitting that are unique to each location.

This paperaddresseshree overlapping topics, each with a bearing on water sourcing within the three
primary states:

1 A description of the major water resources associated with the Mar&Hhie areas of New
York, Pennsylvania and West Virginia

1 A description of the regulatory structure in New York, Pennsylvania and West Virginia, as well
as the two major river basin commissions in the area: the Susquehanna River Basin Commission
and the Dware River Basin Commissipand

1 A description of the metrics used by each of these organizations to regulate water use.
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2 Water Sourcing Issues for the Natural Gas Industry

As noted above, typical hydraulic facture operation may require 3 to 5 milli@ans of water per

well® The actual volume of water needed may vary substantially between wells. While the water
volumes needed to drill and stimulate shale gas wells are large, they generally represent a small
percentage of the total water resource imsthe shale gas basinEstimates of peak drilling activity in

New York, Pennsylvania, and West Virgiriredicate thatmaximumwater usdn the Marcellus, at the

peak of productiorfor each state, assuming 5 million gallons of water per,wauld beabout 650

million barrels per yeat'®'* This represents less th8.8 percentof the 85 billionbarrelsper year used

in the area overlying the Marcell@halein New York, Pennsylvania, and West Virginfa

The volumerequired for shale gas small in terms of the overall water availabilitythre area. To put

shale gas water use in perspective, the consumptive use of fresh water faraklgetreration in the
Susquehanna River Basin alone is nearly 150 million gallons per day, while the projected total demand
for peak Marcellus Shale activity in the same area is only 8.4 million gallons pét dather water
consumerghat also affect water usan someparts of the Marcellus Shaleclude golf courses and
agricultural producerseach golf course requires between 100,000 and 1,000,000 gallons of water per
week!* Onefactor in shale gas water uiethat operators need thisater when drilling and hydraulic
fracturing activities are occurring, requiring that the water be procured over a relatively short period of
time, and these activities will occur yeaund. Water withdrawals during periods of low stream flow
could affectmunicipal water supplies and industries such as power generation, as well as recreation, and
aquatic life. Thus, in order to have adequate water during periods of low streamflow or drought,
operators may need tnake withdrawalsluring periods of high stam flow andstorethe water for later

use. Another consideratiamthat while the region may have abundant water suppligsgiven well site

may not be near a large stream or lake.avoid adversely affecting a given water sourperators may

neal to consider withdrawals from multiple near sources or explore other options such as overland

iping for more distant sources.
PipIng Exhibit 2. Map of All River Basins and SubBasins

Overlying the Marcellus Shale
3 Water Basins Overlying the EZanvcwatersuppyara ‘

Susquehanna River Basin {
Marcel | US Shale E Delaware River Basin
Sub Region Watersheds > {
From an overall perspective, there are plenti Ohio River Basin

water resourcesoverlying the Marcellus Shale Wl Marcellus Shale
deposits. These deposits are found beneathvast ‘
area of the northeastern United States, prima
within the boundaries of the Susquehant
Delaware,and Ohio River BasingExhibit 2). The
Susquehanna, Delaware, and Ohio River Bas S
overlap theStates of New York, Pennsylvania, ar ;;a.« ‘

Susquehanna

\ AN River Basin

West Virginia. This paper focuses on these thr ROIB{;
river basins within these three states; together tl :
comprise an area receiving the most attention fr.
the point of view of both exploration and regulato
issues.




Water Resource Issues in the Marcellus Shale Regio ALL Consulting

3.1 The Susquehanna Exhibit 3. Map Showing the Marcellus Shale within SRB Boundaries
River Basin

Susquehanna River Basin
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Harrisburg, Lancaste
Scranton and York, Pennsylvaniand Binghamton and Elmira, New YorkAccording to the 2000
census, there are approximately 4.2 million people living within the boundaries of the SRB. In addition
to supplyingwater to people residing within this are@ters from the SRRrediverted for public use to

the City of Baltimore, Marylandvhichis locatedoutside of the SRB boundary.

There are eight major rivers flowing into the Susquehanna River. These rivers include the Chemung
River, Chenango River, Jiata River, Sangerfield RiveTioga River, Tioughnioga River, Unadilla River
andWest Branch Susquehanna Rivérhese rivers and their tributaries equate to a total of 31,193 miles
of rivers and streams within the SKB.

The SRB is divided into sisubbasins: Chemung, Juniataand the Lower, Middle, Upper and/est
Branch Susquehanna Rivarb-basing® as depicted in Exhibit Z. These sutbasins are then divided
further into 88 watershed$. The major streams andivers of the SRB are potentiaurface water
withdrawal sourcesEach sukbasin has several lakes which halsobeen identified as potential surface
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water sources for Marcellus Shale development. The total surface area covered by all the lakes, ponds,
and reservoirs throughout the ba#n79,687 acreS. Some of the more notable lakes in the SRB are

Blanchard Reservoit,ake Clarke Cowanesque Lak@®tsego Lake, Raystown LakandWhitney Point
Lake

Exhibit 4. Map of the SixSub-basins of the Susquehana River Basin

Inner Sucattehanna
ML OUSHUTIIal ;
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Exhibit 5* summarizes the majaharacteristics of the area comprising the SRB.

Exhibit 5. Susquehanna River Basin Geographic Statistics

Basin Populatioff 4.2 million
Basin Surface Aréa 27,510 sq. mi.
- | New York 6,327 sq. mi.
- | Pennsylvania 20,908 sqg. mi|
- | Maryland 275 sqg. mi.
Water Subbasing®
- | Chemung 2,604 sq. mi.
- | Upper Susquehanna 4,944 sqg. mi.
- | Middle Susguehanna 3,755 sg. mi.
- | West Branch Susquehanna 6,992 sg. mi.
- | Juniata 3,406 sq. mi.
- | Lower Susquehanna 5,809 sg. mi.
Total miles of rivers and streafis 31,193.0 mi.
- | Miles of perennial rivers/streams 26,064.0 mi.
- | Miles of intermittent streams 5,500.7 mi.
- | Miles of ditches and canals 45.3 mi.
- | Border miles of shared rivers/streams 0 mi.
Total inches of precipitation per yéar 39.51 in./yr.
Numbers of lakes/reservoirs/poAts 2,293
Acres of lakes/reservoirs/portls 79,687 acres
Square miles of estuaries/harbors/Bays 0 sq. mi.
Miles of ocean coadt 0 mi.
Acres of wetland§ Unknown
Land Usé*
- | Forested (63.1%) or 17,362 sq. m
- | Urban (9.3%) or 2,560 sg. mi
- | Pasture (6.7%) or 1,845 sq. mi|
- | Cropland (19.4%) or 5,338 sq. mj
- | Water (1.5%) or 405 sq. mi|

Evaluating water adequacy requires

both a means for measuring wat Exhibit 6. Graph of Flow Rate in the Susquehanna River
availability andrecognitionthat this
availability may sometimes be Susquehanna RiverAverage

reduced by seasonally low water «
drought. Overall water availability is
frequently ascertained by measurir
the stream flow at selected point:
Harrisburg, Pennsylvaniais often

used as a base for analyzing stre¢
flow for the SRB because it is
located downstream  of the

confluences wh the major

tributaries of theSusquehanna River

Annual Flow Rate at Harrisburg,
Pennsylvania
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60,000 |
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Cubic Feet per Second

In Harrisburg, the Susquehanna 0

River has an average flow of 34,58 C Qs v >xcxs5 028 28
- ’ T O © O ®© > (SIS

cubic feet per second, based on t PLs s ';; i 2 w oz

United States C IR R BT S R

(USGS) gauging data. Exhibit 6

2This table is derived from a chart used in the 2008 Susquehanna River Basin Water Quality Assessment Report. (SRBC,
The 2008 Susquehanna River Basin Water Quality Assessment Report, Publication Na. [25532008)

6
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shows the average daily flow rate based on 118 years of records collddedstiurg Average flow is
greatest in the early Spring and least in the late Summer and early Fall.

Average annual flow rates alone do not provide the complete picture. At any point in time, a given area
may be under drought conditions. These conditions are reflected th$Sh®epartment of Agriculture
(USDA) Drought Monitor (Exhibit 7% showing conditions of the northeastern U.S. as of March 23,
2010. Thus, whilethese areas of the countmere not within drought conditions as ofdldateof this

paper, thewere within abnormally dry to moderate drought conditiorz009.

U.S. Drought Monitor

Exhibit 7. USDA Drought Conditions as of March23, 2010
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http://drought.unl.edu/dm

3.2 DelawareRiver Basin

March 23, 2010

Valid 7 a.m. EST

Author: Brad Rippey, U.5. Dept. of Agriculture

The Delaware River Basin (DRB) is locateithin New York, Pennsylvania, New Jersey, and Delaware,
s mal
in the Catskill Mountains in New Yorkflowing west and then convergingt Hancock, New York
(Exhibit 8.8 From thereit flows 330 miles southforming the boundanbetweenPennsylvaniaand

New York and also the boundary between Pennsylvania lded/ Jersey before entering the Delaware
Bay.** The basin comprises the total area of rivers, streams, and tributaries draining into the Delaware
River, an area encompassing 13,539 square filéBhe Delaware River is the longest undammed
waterway east of the Mississippi River.
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Exhibit 8. Map of the Delaware River Basin
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The Marcellus Shale undees approximately 36 percent of the DRB, mainly in the northern sections of
the basin, with depths of approximately 4,500 to 8,000 feet. ExHib&h®ws the boundaseof the
Marcellus Shale icomparison tahe DRB boundarieghe areas designated as Special Protection Waters
by the Delaware River Basin Commissi@ee sectio3.5.3) are also shown .

The DRBincludesmany major population centersg, Allentown, Eaton, PhiladelphigPottstown,and
Reading, Pennsylvania; Camden, Salang Trenton, New Jersey; Hancock and Port Jervis, New York;
and Doverand Wilmington, Delaware. The DRB is divided into four subregions known as the Upper,
Central, Lower and BaRRegions” These regions are shown on the map in Exhibit 46d are divided
further into ten regional watersheds.
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Exhibit 9. Map of Marcellus ShaleOverlying the Northern Portion of
the Delaware River Basin
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The basin recieas 40.33 inches of rainfall per year based on an average taken from the National Weather
Service and Delaware River Master statistical at@he DRB has half (50.Bercen} of its total land
drainage area in Pennsylvania, approximately-foneh (23.3percenj in New Jersey, ongfth (18.8

percen} in New York and the remainder (7p®rcen} within the state of Delaward® The Delaware

River has two major tributaries, the Lehigh and the Schuylkill Ritegetherthe riverswithin the DRB
supplythe maority of the freshwater entering the Delaware Bayhibit 10)*’

Although theDRB includes lesdand area than the SRR, has a larger population living within its
boundaries. The total population livingthin the boundaries of the DRB is approximately 7.6 million
people but the basin itself providdgnking water toover 15 million peoplé® The additional 8 million
are people living in the New York City metro ai@&'C).
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Exhibit 10. Map of the Watersheds in the Delaware River Basin

NYC withdraws its drinking water supply from two watershedhe Catskill/Delawaré/Natershed
(northernmost portionof the DRB and the Croton Watershed portion of theHudson River Basji'
These two watersheds have been identified as containing all of the waters used in NY{€ and
surrounding areasncluding northern New Jersewand comprise adistinct watershed for regulatory
purposes.The NYC watershed is 1,972 square miles in aegaesenting 3.3 percent of the State of New
Yorkoés totd&l surface area.

The Catskill/Delaware Watershed is located at the headwaters of the Delaware River in the Catskill
Mountains and is the larger of the two watersheds in the NYC drinking water supp}f afhis
watershed includes Ashokan, Cannonsville, Neversink, Pepacton, Rondout and Schoharie Reserviors
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